Abstract-Multimedia content delivery over satellite systems is considered as a promising service in emerging 5G networks. The aim of this paper is to design a novel radio resource management algorithm for efficiently managing multicast multimedia content transmission over satellite network. The proposed approach performs the spectrum management on a per-group basis, by splitting multicast terminals into different subgroups according to the experienced channel qualities. We demonstrate that subgrouping policy defined by the authors as multicast subgrouping-maximum satisfaction index (MS-MSI), based on a new metric (i.e., MSI), overcomes the weakness of the previous techniques proposed in the literature and provides the best tradeoff between user throughput and fairness. As a further result, we demonstrate that MS-MSI is robust to the long propagation delay of satellite links. An extensive simulation campaign has been conducted by considering several satellite environments.
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I. INTRODUCTION
N OWADAYS, a growing number of people expect to access the same services they have at home even while traveling on cruise liners, flights, high-speed trains and vehicles. This ubiquitous coverage could be achieved by extending the emerging fifth generation (5G) networks with the satellite's wide coverage. The role of satellite in 5G networks is still under discussion [1] ; nevertheless, the scientific community is addressing how to exploit the emerging Long Term Evolution (LTE)-Satellite architecture [2] , [3] as a possible starting point for the 5G-Satellite definition [1] .
A further 5G system challenge is to identify key technologies for offloading the network traffic in order to manage the huge demand of multimedia services. One of the possible technologies is identified as Device-to-Device (D2D) communications [4] . This new paradigm allows the direct transmission among nearby users thereby assuring high data G. Araniti and A. Orsino are with the ARTS Laboratory, DIIES Department, University Mediterranea of Reggio Calabria, Reggio Calabria 89100, Italy (e-mail: araniti@unirc.it; antonino.orsino@unirc.it).
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Digital Object Identifier 10.1109/TBC. 2015.2511625 rate, low latency and higher energy efficiency. Nevertheless, the increased number of D2D pairs within a network coverage could lead to problems in terms of interference and management of radio resources [5] . In fact, the level of interference increases linearly with the number of users that want to communicate each other since D2D transmissions mostly are made by reusing the radio spectrum of cellular users [6] . As a consequence, the radio resource management process becomes complex and, in some cases, difficult to manage. To overcome such issues, satellite networks could be a promising candidate for off-loading the terrestrial 5G networks traffic. In particular, significant advantages are expected for bandwidth-hungry services such as video, where the broadcast and multicast capabilities of a satellite system could be efficiently exploited. Indeed, video content delivery is one of the fastest growing services [7] , especially over satellite networks; it is expected that by 2018 the video carried by wireless networks will be 8 times larger than it is in 2014 [8] , reaching 11 exabytes [9] . Given the high interest in multimedia transmissions towards multiple destinations, the 3rd Generation Partnership Project (3GPP) defined a solution to deliver multicast and broadcast services over wireless networks namely Multimedia Broadcast Multicast Service (MBMS) [10] . Since 3GPP Release 8, MBMS has been extended to the Long Term Evolution (LTE) standard and it is now called evolved MBMS (eMBMS) [11] . This paper focuses on the Radio Resource Management (RRM) of multicast services in LTE-Satellite environments for providing video contents, where the RRM has to be performed on a per-group basis, since a group of users is simultaneously served by the satellite with one single radio transmission. As a consequence, the selection of transmission parameters (i.e., modulation and coding scheme, MCS) has to take into account the channel qualities of all involved multicast members.
Traditional approaches like conservative and opportunistic multicasting schemes [12] suffer from inefficiencies in terms of poor spectrum efficiency and inadequate short-term fairness, respectively. A promising RRM scheme for satellite multicast environments is subgrouping. It serves all multicast terminals in every time slot by splitting them into different subgroups according to the experienced channel qualities. This improves the video session quality compared to other strategies [13] . An example can be found in [14] , where multicast subgrouping policies, which are based on maximum throughput (MT) and proportional fair (PF) metrics, are compared with a novel metric defined by the authors as multicast subgrouping-minimum dissatisfaction index (MDI). By analyzing the results in [14] , we observed the impossibility of having a RRM strategy that outperforms all other policies in all considered metrics; this makes it very hard to define in an effective way which is the most performing multicast subgrouping strategy.
The intended contribution of our paper is to extend the study we conducted in [14] in order to demonstrate that subgrouping approach, based on a metric named multicast subgroupingmaximum satisfaction index (MS-MSI), overcomes the weakness of the previous techniques and allows to efficiently deliver multimedia content in the emerging satellite system. In addition to the previous study [14] , we extend the analytical model for supporting multicast video content delivery. We consider a scalable video coding technique where a minimum data rate is guaranteed to all the multicast groups whereas additional enhancement layers are conveyed to a subset of users with good channel conditions. As a further improvement, we exploit an effective technique, which allows to measure the overall performance of multicast RRM strategies through a single mark, thus guaranteeing to effectively define the policy with the best overall performance. This result is obtained by solving a Multi-Criteria Decision-Making (MCDM) problem. As a further contribution, we investigated the effects of subgrouping approaches (already designed and well investigated for terrestrial system in our paper [15] and in our referred works) in a satellite environment. In particular, we conducted a simulation campaign for demonstrating that the subgrouping approach is able to maintain the same performance achieved for terrestrial systems whereas the opportunistic approach is delay sensitive and thus cannot be exploited for multimedia content delivery in satellite environment, because it could require a high number of retransmissions. Furthermore, we handle the complexity burden of multicast subgroup formation. In fact, the selection of the optimal subgroup configuration based on an exhaustive search scheme (ESS) or global solvers (as in [14] ), introduces a high load and limits the effectiveness of subgrouping in practical satellite systems. For this reason, we propose an approach for drastically decreasing the time required for resource allocation. Finally, we consider several satellite environments in order to generalize the obtained results. The simulation campaign shows how MS-MSI provides better overall performance when delivering video content compared to both state-of-the-art multicast solutions and the novel policies based on sub-grouping that employ maximum throughput and proportional fair approaches. Moreover, the obtained results demonstrate that MS-MSI is robust to the long propagation delay of satellite links, since all the multicast members are able to decode without errors the data contents transmitted by the satellite.
The remainder of the paper is organized as follows. In Section II the related works are discussed and in Section III the reference S-LTE system model with service configuration is described. The subgroup formation and the RRM policies are described in Section IV, whereas the performance evaluation settings, the adopted MCDM algorithm, and the results are summarized in Section V. Finally, concluding remarks are given in Section VI.
II. RELATED WORK
One of the most investigated issues on multicasting over Orthogonal Frequency Division Multiple Access (OFDMA) systems is related to the link adaptation procedures [16] , also known as Adaptive Modulation and Coding (AMC) schemes. The AMC is expected to guarantee meaningful improvements also in satellite networks [17] . Indeed, in a multicast scenario where several destinations require the same data, the setting of transmission parameters have to be performed on a per-group basis. This involves several issues mainly related to different channel conditions experienced by multicast group members within a spotbeam [16] . Generally, the terminals with good channel conditions can support high MCS levels, 1 whereas the ones undergoing a bad channel have to be served with more robust MCSs.
In such a direction, several approaches have been proposed in the literature. In the conservative approach [13] , named here conventional multicast scheme (CMS), the whole set of destinations is served by adapting the MCS levels to those supported by the user experiencing the worst channel conditions. Although this technique guarantees perfect fairness, since resources are evenly distributed and all multicast members experience the same data rate, it suffers from poor spectral efficiency.
To overcome this limitation, the opportunistic approach [16] endeavors to serve, in any given time slot, only a portion of multicast users in order to maximize a given objective function, such as system throughput. The goal of this approach, named Multicast Link Adaptation (MLA) [12] , is to exploit the multi-user diversity in the resource allocation process, although it may limit the multicast gain, i.e., the number of users successfully served in each time slot. As a consequence, additional data coding (e.g., rateless codes) is required for ensuring the users keep the transmitter informed of which portion of file is received. Although opportunistic approaches can achieve long-term fairness (which can be considered suitable in applications such as file delivery), it cannot achieve short-term fairness (since not all users are served within every time slot) which, conversely, is more important in streaming applications [16] .
To reduce the bottleneck effects of conservative and opportunistic schemes influenced by users in poor channel conditions, a promising RRM approach for multicast environments is represented by the subgrouping [14] . The goal of this technique is to split the entire multicast group into smaller sub-groups in order to serve them every Transmission Time Interval (TTI) slot by guaranteeing improvements in terms of session quality and user satisfaction. A subgrouping scheme, based on a metric named Minimum Dissatisfaction Index (MDI), has been proposed by the authors in [14] . The aim of this new metric is to guarantee a feasible level of fairness without decreasing in an evident manner the user throughput.
Nevertheless, from the analysis proposed in [14] it is not possible to define which is the most suitable subgrouping technique in order to provide a good trade-off in terms 1 The admissible throughput values per MCS level are set according to of throughput and fairness. For solving the aforementioned issue, in this paper we adopt a multi-criteria decision making (MCDM) approach based on the technique for order of preference by similarity to ideal solution (TOPSIS) [19] .
Many MCDM techniques have been proposed in the literature. Some of these techniques are based on weighted point method [20] , matrix approach [21] , analytic hierarchy process (AHP) [22] and analytic network process (ANP) [23] . However, most of these methods are developed with respect to definitive data, without taking into account several factors, such as imprecise preferences, additional qualitative criteria and incomplete information. TOPSIS, instead, is applied to solve these issues by providing numerous advantages: (i) the processing of TOPSIS fits the human decision selection process; (ii) the best and the worst solutions are compared quantitatively; (iii) the algorithm is easy to implement.
The long delay introduced by the satellite link [3] , [13] is a further challenging issue that in satellite environments should not be neglected. The fast link adaptation process has to be sensitive to the instantaneous variations of user channel conditions. For this reason, the misalignment between the channel quality feedback transmitted to the network and the channel quality experienced by the mobile users at the reception of data traffic is a key component of the S-LTE network. Therefore, new techniques of channel quality prediction have to be investigated to improve the efficiency of link adaptation. Many works in the literature deal with the prediction problem [24] . Among those, in this paper we adopt the Autoregressive Integrated Moving Average Model (ARIMA) [25] which is characterized by a simple implementation and guarantees high accuracy. The aforementioned conservative (i.e., CMS) and opportunistic (i.e., MLA) approaches are evaluated as benchmark in the Section V.
III. REFERENCE SCENARIO AND SYSTEM MODEL

A. The Satellite-LTE Scenario
As mentioned in Section I, the satellite-LTE architecture [2] , [3] , [26] will play an important role in the definition of 5G satellite network [1] . In Fig. 1 , we depict an enhanced S-LTE architecture designed for supporting multicast transmissions. In particular, it is composed of a GEO satellite (hereinafter S-LTE), equipped with a S-LTE air interface [2] , [3] that communicates on one side with the S-LTE terminals and on the other side with an LTE ground component that performs the radio access procedures [14] . In particular, the ground component is the Satellite eNodeB (S-eNodeB), which handles the configuration of physical layer parameters, e.g., the MCS of the S-LTE radio interface.
The GEO satellite in our scenario is used as a transparent transponder and does not include any on-board processing equipment or additional components with respect to the standard usage. Since in our work we are interested in multicasting transmission, multicast data are transmitted through the forward link (i.e., S-eNodeB → S-LTE → S-LTE terminals) whereas the reverse link (i.e., S-LTE terminals → S-LTE → S-eNodeB) is exploited for transmitting the user signalling information. Hence, the propagation delay is considered to be the time the signal takes to travel from the S-eNobeB to the S-LTE terminals where the signal encounters an uplink and downlink transmission, and vice versa. Therefore, to evaluate numerically the propagation delay we have to consider that the speed of the light is around 300.000 km/sec and that the altitude of the satellite is 35.838 km. Then the communication delay between two ground terminals/stations (through the satellite) is about (2 · 35.838)/300, 000 = 0.24 sec. However, if the receiver is not perfectly under the satellite, the delay to transmit a signal to the satellite is close to 0.27 sec. Therefore, in two-way communications (in our case, for exchanging signalling and transmission parameters) the propagation delay of the total Round Trip Time (RTT) is typically equal to 0.54 sec. In this calculation we do not consider other types of delays, i.e., transmission delay, processing delay, which are negligible with respect to the propagation delay [3] .
In architectures such as this, group-oriented services are handled through the eMBMS standard. The MultiCell/Multicast Coordination Entity (MCE) is used for the adaption of transmission parameters in case of multicast transmission involving different S-eNodeB. The MBMS Gateway (MBMS-GW) is a logical entity whose principal function is data packets' forwarding to S-eNodeBs while the Broadcast Multicast-Service Center (BM-SC) is the MBMS traffic source which also accomplishes service announcement and group membership functions.
The S-eNodeB is connected to the core network by means of the S1 interface, namely: the S1-u link to the Serving Gateway (S-GW) and Packet Data Network Gateway (P-GW) and the S1-c link to the Mobility Management Entity (MME) [3] . Multiple S-eNodeBs are linked with each other and with the X2 interface in order to support the active-mode mobility. This interface is also used for further functions, such as the interference cancellation techniques (i.e., ICIC) and to support mobility between neighboring beams' coverage areas. The S-LTE air interface exploits OFDMA in downlink direction, where the available spectrum is split into several sub-carriers spaced of 15 kHz. The resource allocation is performed in terms of Resource Blocks (RBs), each one spanning 12 adjacent sub-carriers and lasting 0.5 ms. The number of RBs for data transmission can vary from 6 to 100, according to the channel bandwidth deployment [2] . The RRM is in charge for performing the link adaptation procedures in order to dynamically adapt the transmission parameters, i.e., MCSs, with the aim of exploiting the greatest potential of OFDMA. Every TTI, which lasts 1 ms, the RRM allocates the resources on a RB-pair basis according to the Channel Quality Indicator (CQI) feedback sent by the S-LTE terminals. The CQI is an indication of the maximum MCS that guarantees a successful data reception according to the channel conditions experienced by the terminal.
We assume that the communication channel is not affected by nonlinear distortions. This can be considered as a realistic assumption because: (i) the transmission band of interest is relatively low (i.e., S-band) therefore current power amplifiers in this band can be driven in a fully linear region at the expense of a low power efficiency, and (ii) several variants of OFDMA exist which have a low sensitivity to non-linear distortions because of a lower Peak-to-Average Power Ratio (PAPR), such as Single Carrier FDMA (SC-FDMA) and Constant Envelope SC-FDMA (CE-SC-FDMA) [27] .
B. Proposed Sub-Group Policy and Design Aspects
In this Section we firstly introduce the notations used in the paper and then we present the proposed subgroup-based algorithm.
Let N be the number of RBs available for the transmission of a satellite multicast stream. Such stream is transmitted towards K multicast members, denoted with e 1 , e 2 , . . . , e K . Each user performs the channel estimation by calculating the CQI, which is transmitted at the S-eNodeB in order to perform the RRM procedures. We indicate with M the number of admissible CQI levels; we further denote with MCS level, achieved when all N RBs are assigned. Since in this work we consider a scalable video coding technique in order to guarantee a minimum data rate to all the multicast members, we define with b MIN video and B MAX video the minimum and the maximum data rate requested by the video application, respectively.
The proposed RRM policy aims at splitting the users into S multicast subgroups and at opportunely distributing the available RBs according to the collected CQI values. The proposed subgroup-based scheme foresees two phases.
1) CQI Collection:
The S-eNodeB collects the CQI feedbacks from each of the S-LTE terminals belonging to the same multicast group (i.e., k , with k = 1, 2, . . . , K).
2) Subgroup Creation: Based on the users' CQI feedback values, the proposed RRM algorithm determines the subgroup configuration. A subgroup configuration is denoted by the number of subgroups S to enable, the related MCSs, and the RBs that are to associate to each subgroup. Under the assumption that each subgroup is characterized by a different MCS, the number of subgroups S varies from 1 to M. We assume that all S-LTE terminals with the same CQI value are associated to the same subgroup, although the same subgroup may include S-LTE terminals with different CQI values.
The subgroup formations are performed with the following objectives: (i) maximizing the system capacity with the constraint that each multicast member can successfully demodulate the received signal (i.e., the MCS associated to a given subgroup must be supported by all users belonging to such a subgroup); (ii) optimize a given objective function.
We denote with U = {u 1 , u 2 , . . . , u M } the final subgroup configuration, where u m represents the number of S-LTE terminals assigned to an MCS corresponding to the m-th CQI, and with R = {r 1 , r 2 , . . . , r m } the distribution of the resources assigned to the subgroup configuration. If r m ∈ R is greater than zero, then the subgroup related to the m-th CQI level is enabled (that is u m = 0) and r m represents the number of resources allocated to the subgroup. If r m = 0 such a subgroup is not enabled. The number S of enabled subgroups is thus given by the sum of items r m ∈ R greater than zero. Depending on the amount of the RBs given to a subgroup, all the S-LTE terminals of the subgroup m will be served with a data rate given by:
The characterization of b TH m also guarantees that the data rate achieved by each S-LTE terminal in the subgroup is under the value of B MAX m . To describe our model, we introduce the binary variables x k,m , k = 1, . . . , K, m = 1, . . . , m, such that:
The subgroup formation problem can be written, in a general form, as follows:
indicates a generic objective function, which depends on the amount of RBs and by the MCSs available in the system. The constraint (4a) guarantees that the whole RB set is exploited by the enabled subgroups (i.e., all the users are served with the minimum CQI). The constraints (4c) take into account the initial configuration, so that in the new one each user is associated to one subgroup only, with the additional requirement that the related MCS level must be less than or equal to the MCS level corresponding to the CQI initially reported. All considered constraints (4a)-(4e) require that: (5) i.e., a nonzero RB value is assigned only to subgroups with at least one user. In addition, the data rate b TH m is properly set according to the QoS requirements of the multicast service and is bounded by:
in order to guarantee the minimum data rate to all the multicast members. In particular, when B MAX video < B MAX m the saved bandwidth could be used for providing further services.
IV. SUBGROUP FORMATION PROCEDURES
A. Approaches for Subgroup Formation
In this Section, we consider three approaches designed for subgroup formation in the considered satellite environment: (i) the multicast subgrouping maximum throughput; (ii) the multicast subgrouping proportional fairness; (iii) the multicast subgrouping maximum satisfaction index.
1) Multicast Subgrouping Maximum Throughput (MS-MT):
The Multicast Subgrouping Maximum Throughput (MS-MT) algorithm is based on the maximization of the sum of the data rates experienced by all the multicast members. Hence, the maximization problem, which is based on the MS-MT approach tailored for the addressed satellite subgrouping scenario, can be expressed as follows:
subject to constraints (4a)-(4e), (5), and (6).
2) Multicast Subgrouping Proportional Fair (MS-PF):
The aim of a Multicast Subgrouping Proportional Fair (MS-PF) resource allocation is to improve the fairness among multicast destinations while increasing the throughput. As shown for instance in [28] , a MS-PF resource allocation can be obtained through the maximization of the sum of the logarithm of user data rates. In the addressed satellite subgrouping scenario, according to [28] , the MS-PF optimization problem can be written as:
3) Multicast Subgrouping Maximum Satisfaction Index (MS-MSI):
The RRM policy, called Multicast Subgrouping Maximum Satisfaction Index (MS-MSI), is based on the optimization of a novel objective function conceived to guarantee an increased throughput with respect to the PF policy whilst do not significantly affecting the fairness among the multicast members. This goal is achieved through the maximization of the user satisfaction. In particular, we define the User Dissatisfaction Index (UDI) for a generic multicast member e k as follows:
i.e., ω k measures the difference between the maximum data rate supported by the S-LTE terminal according to the experienced channel conditions, i.e., B ), and the data rate assigned to the associated subgroup. According to (9) , such a difference is normalized on B eff m k in order to maintain the fairness among multicast destinations. As a consequence, ω k ∈ [0, 1]. In detail, the minimum dissatisfaction, i.e., ω k = 0, is achieved when the assigned data rate is equal to the maximum allowable one, i.e., the subgroup of the multicast terminal is served with the MCS supported by the terminal and the resources are assigned to such a subgroup in order to guarantee B MAX m k . The proposed MS-MSI is designed in order to exploit a novel objective function, namely the Maximum Satisfaction Index (MSI), which represents the reverse of the average UDI over the whole set of S-LTE terminals. According to this definition, the objective function for multicast subgroup formation can be described as follows:
aimed at selecting the best subgroup configuration that maximize the MSI to address both fairness and throughput issues. Then, eq. (10) can be recast in the form: (12) subject to constraints (4a)-(4e), (5), and (6).
B. Complexity Cost Reduction
One of the key issues of the proposed RRM algorithm is the search space definition and its related computational cost reduction. In particular, the computational time in order to perform the optimization problems presented in Sections IV-A1-IV-A3 are tightly related to the number of possible configurations to be analyzed. Based on the Exhaustive Search Scheme (ESS) [14] , the computational cost is bounded by the number R of possible configurations when N RBs are split among M subgroups. In this case, the complexity cost become prohibitive and it is represented by a combination equal to N M .
In this section we propose a solution aiming at reducing the search space (and, consequently, the computational costs), named Optimized Search Scheme (OSS). Considering two subgroups characterized by MCS i and MCS j in a generic configuration R, the multicast subgrouping technique introduces a gain (in terms of spectral efficiency) if and only if the data rate of the subgroup with higher order MCS (i.e., b j ) is higher compared to the rate of the subgroup with lower-order MCS (i.e., b i ). In particular, this condition can be characterized as follows:
The idea proposed for the OSS approach, is to include in the space definition process all the candidate configurations that satisfy the conditions (13) and (4a). In this way, all the configurations that are not admissible for the solution of the problems (7), (8) and (12) are not evaluated in the space definition process. Due to this fact, the number of configurations generated by the OSS is significantly reduced with respect to the ESS scheme. These results are remarked in Table II which shows the overall configurations achieved by the two schemes (ESS and OSS) when the number of the RBs varies from 2 to 15.
As expected, OSS allows to drastically reduce the configurations to be evaluated in the resource allocation when compared to the ESS. In particular, it can be noticed that this gain increases when the number of RBs becomes large. Moreover, by exploiting the frequency-aggregated granularity introduced in LTE, OSS guarantees a reasonable search space dimension when the number of RBs is higher than 15.
V. SIMULATION RESULTS
A. Simulation Scenario
The simulation campaign has been carried out according to the guidelines defined in [26] . We addressed an application scenario consisting of two-way communications using multispot coverage with frequency reuse and Frequency Division Duplexing (FDD) scheme. Table III lists the main parameters related to the S-LTE scenarios.
According to [26] , we developed a land-mobile satellite (LMS) channel simulator based on the Pérez-Fontán model [29] . This model considers a data set for the S-Band provided by Bradford University, U.K. [30] . The measurements have been conducted by placing the transmitter on board a plane whereas the receiver and the data acquisition system on a van rooftop. The plane flew parallel to the roadside at different elevations with respect to the receiver (i.e., 40 • , 60 • , 70 • , and 80 • ). The receiver antennas utilised in the Pérez-Fontán studies have a hemispherical radiation pattern with a circular polarization. Moreover, the instantaneous velocity of the van was recorded and signal amplitude variations were measured through a logarithmic receiver.
Furthermore, the Pérez-Fontán model is based on the assumption of the existence on three different rates of change in the main propagation channel elements: the direct signal that may undergo shadowing/blockage effects and the multipath (specular and diffuse). These three rates of variation are described by means of a three-state Markov chain, a lognormal distribution and the coherent sum of the direct ray and the multipath echoes, respectively. In addition, we considered three propagation conditions: LOS, moderate shadowing and deep shadowing. Shadowing and multipath variations within each individual state are assumed to follow a Loo distribution [31] . The transitions between the propagation conditions are ruled by a 3-state Markov chain, whose initial probability vector [W] and transition probability matrix [P] have been derived from measurement data [29] and are provided for each of the considered scenarios (Table V) . Therefore, the model allows to characterize the satellite channel in several environments and at several elevations. [2] We exploited the described model because a measurement campaign specifically tailored for satellite-LTE network/devices does not yet exist. Nevertheless, we noticed that the measurement campaign conducted by Fontán et al. in [29] in S-band could be exploited as a first approximation in Satellite-LTE scenario without any losses of generality. In fact, we assumed that the mobile receivers are located in an outdoor environment with a receive antenna having a hemispherical radiation pattern. Therefore, the conditions of the Pérez-Fontán model are replicated, no matter if the antenna is located on a van rooftop or in a hand held satellite terminal.
TABLE IV CQI-MCS MAPPING
Moreover, in this paper we considered the five environments depicted in Table V . Once the signal to noise ratio experienced by S-LTE terminals is obtained, it is subsequently mapped onto the respective CQI level which allows to receive the data transmission with a Block Error Rate (BLER) lower than 10% [26] . In Table IV are listed the CQI values, with the related MCSs, considered in this paper. We assume the channel conditions do not to vary within a single TTI.
In the conducted simulation campaigns we assumed K = 100 users joined in the multicast group. We considered an elevation angle of 40 • and the following environments: (i) Open; (ii) Suburban; (iii) Urban; (iv) Intermediate Tree Shadowed; (v) Heavy Tree Shadowed. For each considered environment, an example of users' CQI distribution is depicted in Fig. 2 . In particular, the results provided in Fig. 2 show the number of multicast users that experience a certain level of CQI in a given TTI. For instance, if we consider the Heavy Tree Shadowed environment (i.e., Fig. 2(e) ) we can see that, for a total number of 100 users: 36 users have a CQI equal to 1, 39 users have a CQI equal to 2, 19 users have a CQI equal to 3, and the reminder experience a CQI equal to 4. If some CQI values do not have a corresponding number, then this means that no user experiences the given level of channel quality. Obviously, Figure 2 is a snapshot of the radio resource management performed during a single TTI whereas different values will be experienced by each user during the simulation time. It emerges that, as expected, the best channel conditions for multicast users are attained in the Open environment while, on average, multicast devices experience poorer qualities in other environments. In particular, the lowest CQI values are measured in the Heavy Tree Shadowed environment, where the maximum modulation supported by the users is QPSK.
As mentioned in the previous sections we compared the subgrouping approaches with the two policies: the CMS and the MLA [12] . Each simulation run has been repeated several times to get 95% confidence intervals.
The following simulation metrics are considered:
• Channel Data Rate (CDR). This parameter represents the amount of data transmitted over the radio channel, and consequently it is important for a well designed policy to achieve high CDR since this represents a performance of interest for the network provider.
• Aggregate Data Rate (ADR). It indicates the sum of throughput values experienced by multicast users. The higher the ADR, the higher the throughput of multicast users.
• Jain's Fairness Index (JFI). The JFI is measured according to the well known formula in [32] and indicates the "fairness" in the distribution of throughputs experienced by multicast users [33] , [34] . The JFI has values in [1/K, 1]. The higher the JFI, the closer the throughput of multicast members.
• Multicast Normalized Throughput (MNT). The MNT is measured as the ratio between the CDR and the mean throughput measured among all multicast destinations. The MNT indicates how efficiently and fair the radio channel is exploited, i.e., a MNT value close to 1 shows that the overall amount of bits transmitted over the radio interface is received by all the multicast receivers.
B. Multicriteria Decision-Making Problem: TOPSIS Approach
The method used in this paper for choosing the algorithm that provides the best trade-off among the considered metrics is represented by the technique for order performance by similarity to ideal solution known as TOPSIS [19] . TOPSIS is one of the most used methods for MCDM problems and is based on the idea that the chosen solution among different alternatives should have the shortest geometric distance from the positive ideal solution and the longest geometric distance from the negative ideal solution. In this work we use an extension of TOPSIS provided by [35] , where the final evaluation of the different metrics is made by exploiting a similarity approach instead of closeness criteria. In addition, we do not use vertex method to calculate the distance between two fuzzy ratings but we use fuzzy similarity. The problem of selecting the best metrics among those investigated above can be approximated to a supplier selection problem in a supply chain (typical of the TOPSIS method). The MCMD problem can be described as follows:
represented by the five environments is taken into considerations; (ii) a set of p possible suppliers called A = A 1 , A 2 , . . . , A p are represented by the algorithms; (iii) a set on q criteria, C = C 1 , C 2 , . . . , C q , with which supplier performance are evaluated (CDR, ADR, JainIndex, MNT); (iv) a set of performance ratings called X = x ij , i = 1, 2, . . . , m, j = 1, 2, . . . , n are described accurately in [35] . Assuming that a decision group has t decision-makers and that all fuzzy ratings and weights are trapezoidal fuzzy 1, 2, . . . , p, j = 1, 2, . . . , q, respectively. Then, the aggregate fuzzy ratings can be expressed as:
where
Hence, the aggregate fuzzy weights of each criterion can be calculated as:ŵ
Therefore, the metrics-selection problem can be expressed in matrix form as:
Since the set of criteria can be divided into benefit criteria (B) and cost criteria (C), the normalized fuzzy decision matrix can be represented as:R = r ij pxq (20) where the term r ij include both the set of benefit and cost criteria represented by B and C, respectively. In order to preserve the trapezoidal property of the fuzzy numbers, the value of r ij is calculated differently based on the fact that the criteria is a benefit or a cost as follows:
The weighted normalized fuzzy decision matrix by considering the importance of each criterion can be summarized as follows:V = v ij pxq (23) wherev ij =r ij (·)ŵ j . According to the aim of the TOPSIS algorithm, the fuzzy ideal solution (FPIS, A + ) and the fuzzy negative-ideal solution (FNIS, A − ) need to be defined as:
Following this type of thinking one clear and simple intuitive proposal for the choice of fuzzy positive ideal would be simply the set of ones and for negative ideals a set of zeros. Finally, we can calculate the fuzzy similarity matrix and, subsequently, simply compute the average of the similarities and use this as a similarity measure to make the ranking as:
C. Obtained Results
1) Open Environment:
As shown in Fig. 3(a) , the Open environment represents the environment where multicast users experience the highest channel quality conditions. By focusing on the CDR plotted in Fig. 3(a) , we can observe that in this environment the CDR of CMS is 3.6 Mbps, on average. The MLA and the subgroup-based schemes overcome the limitations of CMS. In particular, the MLA and the MS-MT approaches obtain almost the same CDR, equal to 6 Mbps, on average, while the MS-PF policy achieves a performance of 4.9 Mbps. Finally, the new approach based on MS-MSI shows a CDR equal to 5.7 Mbps, on average, i.e., the MS-MSI increases the CDR by about 12% compared to the MS-PF.
Similarly to the CDR performance, the ADR results (depicted in Fig. 3(b) ) show that the CMS is the worst performing policy, with an ADR of about 358 Mbps, on average. It is worth noticing that the trend of some considered metrics (i.e., the ADR) for some approaches could increase up to a given speed (i.e., 60 kmph). Then, the trend decreases when the users' mobility is further incremented (i.e., speed > 60 kmph). The motivation of this behavior is due to the fact that in a satellite scenario for very low speeds the channel remains almost unchanged. In contrast, by increasing the speed, the channel conditions vary with a possible performance improvement. Finally, when users start to move with a considerable speed, the possibility that they experience worst channel conditions becomes higher. Therefore, the high intensity of mobility affects strongly the user performance. As we can observe, the MS-MT achieves a data rate close to the MS-MSI, i.e., the highest value is around 520 Mbps. The ADR of MS-PF, instead, decreases already when the speed is around 30 kmph and the highest value achieved is 480 Mbps. Finally, the MLA outperforms the compared approaches by reaching an ADR of 538 Mbps when the speed of the users is 60 kmph.
We now focus on the JFI, shown in Fig. 3(c) . Being based on the single-rate approach, the CMS reaches the highest JFI, i.e., 1, since all multicast members are served with the same data rate. In contrast, the MLA and the MS-MT achieve the poorest performance whereas the JFI of MS-PF results around 0.98. Finally, MS-MSI reaches a value of 0.97 by showing that our proposed approach can obtain a JFI value close to the MS-PF with a mismatch of about 3%, on average.
The results in terms of MNT are shown in Fig. 3(d) . It is interesting to note that the MLA and the MS-MT have the lowest MNT, whereas CMS performs the best. This shows that although these policies are well designed in order to improve the throughput of multicast users, they do not reach an efficient spectrum utilization. Indeed, as also demonstrated by the poor performance in terms of JFI, the improvements of throughput values are only attained by a small amount of multicast destinations and, as a consequence, the spectrum is not efficiently exploited since a large portion of transmitted bits are received by only a limited set of users. The MNT of MS-PF is equal to 0.9, on average, while this is equal to 0.93 for MS-MSI. These results show that the MS-MSI can achieve a better radio channel exploitation compared to other subgroup-based policies.
2) Suburban Environment: In the Suburban environment, the channel quality of users experiences a degradation with respect to the Open environment. This involves a reduction in the performance of multicast members and, in general, of all considered policies. Indeed, if we focus for instance on the CDR shown in Fig. 4(a) , we can observe that in this environment the CDR of CMS is 0.6 Mbps. Again, the MLA and the MS-MT approaches obtain the best performance whereas the MS-PF policy achieves a performance of about 1.7 Mbps. Finally, the MS-MSI shows a CDR equal to 2.3 Mbps, on average. In the Suburban environment, the MS-MSI increases the CDR of about 30% compared to the MS-PF. The ADR results (shown in Fig. 4(b) ) show a similar trend compared to the CDR. In such a case, we can observe a decrease in the performance when the speed of the users is above 90 kmph. The CMS has the poorest ADR, equal to 62.5 Mbps, on average, while it reaches the maximum value of 180 and 188 Mbps, for the MS-MT and the MLA, respectively. The ADR of MS-PF is equal to 118 Mbps, on average, while MS-MSI reaches a performance of 160 Mbps with a speed of 90 kmph, i.e., a gain of about 28% compared to the MS-PF.
The performance in terms of JFI is shown in Fig. 4(c) . As expected, the CMS has a JFI equal to 1. It is worth noting that when the channel conditions of multicast users become poorer, the JFI of MLA and MS-MT drastically decreases whereas the JFI of MS-PF decreases down to 0.75. The MS-MSI approach, instead, reaches a value of 0.7, on average.
The results in terms of MNT are shown in Fig. 4(d) . Again, the MLA and the MS-MT have the lowest MNT, i.e., 0.5, on average, while the MNT of MS-PF and MS-MSI is equal on average to 0.65 and 0.7, respectively.
3) Urban Environment: Focusing on the Urban environment, we can observe that the performance of considered algorithms decreases, although we can always note that the behaviour of considered policies do not change. Indeed, by focusing on the CDR plotted in Fig. 5(a) , we can observe that the CDR of CMS is 0.6 Mbps, on average. The MS-MT overcomes the other considered approach whereas the MLA increases their CDR up to 8.8 Mbps. It is worth noting the behaviour of MS-PF, which has almost the same performance of CMS in the case of 3 kmph and 30 kmph, while it reaches 2.3 Mbps with a user speed equal to 120 kmph. In any case, it is observed that the MS-PF is hardly influenced by the radio propagation environment and by the user mobility speed. Finally, the MS-MSI shows a CDR that varies from 1.3 to 6 Mbps.
A similar trend can be found in the ADR results, shown in Fig. 5(b) . It is worth noting that, except for the CMS and MS-PF, all considered policies show a reduction in terms of ADR when the users' mobility is above 60 kmph. Anyway, the relationship among evaluated schemes does not change. Indeed, the MLA and MS-MT algorithms show the best performance and almost the same trend, while the CMS has the poorest ADR, i.e., 62 Mbps. The ADR of MS-PF ranges from 62 Mbps to 78 Mbps. Finally, the MS-MSI achieves an ADR that varies from 80 to 180 Mbps.
As for the Suburban environment, the performance in terms of JFI (Fig. 5(c) ) shows that the CMS achieves a JFI equal to 1 whereas the values of the MLA and MS-MT drastically decrease due to the lower channel conditions of the multicast users (i.e., given by the higher users speed). In this case, the JFI of the MS-MSI is close to the MS-PF and it increases with the speed until it reaches a JFI value close to 1 (i.e., speed equal or more to 60 kmph). Concerning the MNT (Fig. 5(d) ), it is important to observe that the MS-MSI attains a performance equal to 0.75 in all considered cases. The MNT of MS-PF decreases from 1 to 0.4, while the one of MLA and MS-MT varies from 0.3 to 0.2.
4) Intermediate Tree Shadowed Environment:
The results attained in the Intermediate Tree Shadowed environment follow the same behaviour of those in the Urban environment, i.e., the results attained by the different considered scheme are influenced by the users' mobility speed and decrease when the speed increases. In addition, in this environment we can further observe that the performance of MS-PF becomes close to the CMS. For instance, if we consider the CDR results (plotted in Fig. 6(a) ), the performance of CMS is equal to 0.9 Mbps while the one of MS-PF is equal to 0.95, on average. This means that, in environments where multicast devices are in bad channel conditions, the MS-PF optimization problem for multicast subgroup formation is not able to exploit the multi-user diversity. On the contrary, the CDR of MLA and MS-MT varies from 4 to 7 Mbps, on average. Finally, the CDR of MS-MSI is in the range from 2.3 to 3.4 Mbps.
The ADR results, shown in Fig. 6(b) , reflect those in terms of CDR. Indeed, the CMS and the MS-PF achieve similar values, i.e., 62.5, on average. The ADR of MLA varies from 78 and 120 Mbps whereas MS-MT varies from 78 and 110 Mbps. Finally, the MS-MSI obtain a result which varies from 73 to 105 Mbps.
It is interesting to discuss about the MNT figures, depicted in Fig. 6(d) . Indeed, the CMS achieves a performance equal to 1 in each considered case, while the one of MS-MSI is equal to 0.64. The result of other policies is not strongly affected by the users' speed. For the MS-PF, the MNT varies from 1 to 0.90, while for other policies it decreases from 0.3 to 0.2.
5) Heavy Tree Shadowed Environment:
We now consider the Heavy Tree Shadowed environment, which is the worst environment in terms of channel conditions. We can observe that the MS-PF policy in this environment achieves almost the same results of the CMS, and this is more evident compared to the previous Intermediate Tree Shadowed environment. Indeed, if we consider the CDR in Fig. 7(a) , the CMS has a performance equal to 0.6 Mbps, while the one of MS-PF is 0.62, on average. In addition, it is worth noting that the performance of the considered policies in this environment is not strongly influenced by the users' mobility speed. Indeed, the results do not vary meaningfully at different evaluated speeds. For instance, the CDR of MLA and MS-MT are close to 5 Mbps for each case, while the MS-MSI achieves a CDR equal to 3.2 Mbps, on average.
The ADR (shown in Fig. 7(b) ) of CMS and MS-PF is equal to 62 and 63 Mbps, respectively, while it is equal to 105 Mbps (on average) for the MLA and the MS-MT. The MS-MSI achieves an ADR equal to 84 Mbps, on average, and this means that it introduces a gain of about 33% compared to the MS-PF.
Concerning the MNT, shown in Fig. 7(d) , we can observe that the CMS has again the MNT equal to 1 in each environment. Being close to the behaviour of CMS, the MS-PF achieves a MNT of about 0.95, while the proposed MS-MSI shows a performance around 0.98. Finally, the MLA and MS-MT policies have a MNT equal to 0.2, on average.
D. TOPSIS Results
In order to establish which of the subgrouping approaches provide the most suitable solution to solve the metrics decision problem, we consider one of the most used multi-decision solver named TOPSIS. In particular, to model the MCDM problem, we consider D = 5 decision-makers represented by the different environments and n = 4 criteria represented by the considered parameters (i.e., CDR, ADR, MNT and FI) to compare the approaches (i.e., CMS, MLS, MS-MT, MS-PF, MS-MSI). A weight has been assigned to each metric by following the linguistic variables expressed in positive fuzzy number proposed in [35] . 2 Therefore, the TOPSIS algorithm has been executed for each of the considered speeds (i.e., 3, 30, 60, 90, 120 kmph) and a final ranking is created in order to decide which is the best metric that could be used.
As an example, Table VI shows the values assigned by the different decision makers by considering only a speed of 3 kmph. Obviously, similar tables (not shown in this paper for the lack of space) have been obtained for the further considered user speeds. Therefore, every step of the TOPSIS method is executed through a Matlab simulator. The results shown in Table VII allow us to clearly assert that the proposed MS-MSI metric provides the best performance results for subgroup formation compared to the other four approaches analyzed in this work. Hence, it allows to provide the best performance trade-off among the considered criteria.
E. Delay Impact Analysis
The last analysis conducted in this work is focused on the impact of satellite propagation delay to the performance of considered multicast policies. Delay is defined according the definition given in the previous sections. In particular, this analysis aims to demonstrate the robustness to delay of subgrouping-based approach. In Fig. 8 the misalignment between the channel quality feedback transmitted to the S-eNodeB (i.e., CQI) and the channel quality experienced by the mobile users at the reception of data traffic (hereinafter named CQI misalignment) is reported for the five environments and the two speeds (i.e., 3 and 120 kmph). Therefore, Fig. 8 provides an example of CQI variation during one round trip time (RTT, approximately 0.54sec) for a generic user in each considered environment. We can observe that the higher the speed, the higher is the CQI variation during the RTT. It is worth noticing that the reported results do not depend on the particular RRM implementation whereas they do depend on the satellite delay and according to the different environments. As expected, in the heavy tree shadowed and intermediate tree shadowed environments the delay introduced by satellite link heavily influences the CQI misalignment, which does not significantly changes in the open and suburban environments. Fig. 9 depicts the analysis on the percentage of multicast members with a BLER lower than 10%. This metric measures the percentage of users that are not able to successfully demodulate the data received by the satellite. This parameter is useful to show the impact of the large propagation delay on the user's session quality, since the CQI of multicast devices could vary from when it is transmitted to the S-eNodeB to when multicast data is transmitted.
Due to the length constraints on this paper, we reported only on the behaviour related to the Heavy Tree Shadowed, as it presents the highest CQI misalignment with respect the other environments. As shown in Fig. 9 , both CMS and subgrouping schemes obtain a performance very close to 100%, i.e., almost every multicast user is able to successfully demodulate the received data. Obviously, CMS presents the highest robustness to the delay because it always transmits with the lowest MCS, hence the user channel variations during the round trip time do not affect the BLER because the transmission parameters are always tuned to the user with the worst channel conditions. Therefore, even if the CQI of the users changes during the round trip time, all the users will be able to correctly download the content (100% of users receives data with a BLER < 10%, see Fig. 9 ).
For similar reasons, this subgrouping approach is robust to long propagation delays, because in each multicast subgroup, users are managed with a conservative approach (i.e., similar to CMS); therefore, inside every subgroup, users are served by exploiting a transmission parameters experienced by the user with the worst channel conditions. Performance degradation (in terms of BLER, and so on) related to the satellite round trip time happens only for those users that experience the following twofold conditions: (i) a worsening of the channel conditions; (ii) a CQI lower than the CQI of their own sub-group. This rarely happens, indeed, about the 97% of users receive data with a BLER < 10%, see Fig. 9 . In all the other situations (i.e., (i) the CQI increases during the long propagation delay, by also changing the subgroup, (ii) the CQI decreases but remains greater than the CQI of the own sub-group) the satellite users will correctly receive the data.
On the other hand, by considering the MLA, almost 21% of multicast users are able to receive the data during the multicast session. This is due to the fact that the opportunistic approaches (i.e., MLA), which provide meaningful performance improvement in terrestrial environment, suffer of the delay introduced by satellite systems. Indeed, such approaches serve in every TTI only a portion of users with the aim of maximizing a given cost function (i.e., the ADR in MLA). Therefore, if the channel quality of users decreases during the RTT, a large amount of users will not be able to decode correctly the multimedia content. In fact, the percentage of the users with a BLER value less than 10% of the MLA approach varies from a percentage of 80%, in case of Open environment, to a value of 21% by considering the most delay influenced environment (represented by the Heavy Tree Shadowed environment). This implies an increased number of retransmission requests, which are not easy to manage in a satellite environment.
F. Comparison With Terrestrial Systems
In previous studies [15] (and our referred works) we demonstrated that multicast subgrouping schemes are suitable for improving the performance of the terrestrial networks and allow to increase the percentage of users served with a considerable data rate in the same TTI. Moreover, in [15] we also demonstrated that opportunistic approaches (i.e., Opportunistic Multicast Scheduling, OMS) allow to provide the highest data rate. Both the approaches in the terrestrial environment do not suffer of retransmission issues because typically the BLER is less than 10%. Nevertheless, it is not a natural consequence that the results obtained for the terrestrial system will remain the same also for the satellite environment. In fact, the long propagation delay and the diverse channel characterization (i.e., typical of the satellite transmissions) pose considerable differences between the two systems.
For the sake of completeness, in this section we provide a comparison between MLA and MS-MSI for terrestrial and satellite environments in terms of (i) aggregate data rate, (ii) multicast normalized throughput, and (iii) # UE with BLER < 10%. We want to demonstrate that the subgrouping approach is able to maintain the same performance achieved for terrestrial systems, whereas the opportunistic approach (i.e., MLA) cannot be exploited for multimedia content delivery in satellite environments because it could require a high number of retransmissions.
The simulation campaign has been performed by considering K = 100 users, a speed equal to 120 kmph, and the Heavy Tree Shadowed environment, as it presents the highest CQI misalignment with respect to the other environments. Obviously, we exploited the Pérez-Fontán channel model for the satellite environment, which is considerably different to the standard LTE channel model for the terrestrial systems. The obtained results are shown in Table VIII .
The 50% reduction of ADR in both the algorithms depends on the different channel models. More interesting results have been obtained in terms of # of UE with BLER < 10% and MNT. In particular for MLA, only 21% of the users are able to decode correctly the message (i.e., the 79% of users experience a BLER higher than 10%) whereas for the MS-MSI this value keeps almost unchanged. Similarly, the MNT in case of MLA has a reduction of around 50%. It means that only a small percentage of users are served with a data rate that is close to the maximum amount of bits that can be transmitted with a given channel quality (i.e., please refer to the CDR metric in our paper). It is worth noticing that in both terrestrial and satellite environments the MS-MSI approach has the same behaviour in terms of MNT. In conclusion, we can assert that the opportunistic approach is strongly affected by the long propagation delay, whereas the subgrouping approach is robust to the CQI misalignment due to the long RTT (i.e., 0.54 sec).
VI. CONCLUSION
In this paper, we focused on RRM techniques for providing multimedia content in emerging 5G-satellite networks. A LTE satellite system architecture has been designed for supporting the evolved multicast/broadcast multimedia service and different multicast policies have been analyzed and compared with the proposed multicast subgrouping-maximum satisfaction index (MS-MSI) algorithm. By adopting a multi-criteria decision-making solver based on TOPSIS, we demonstrated through an exhaustive simulation campaign that the proposed MS-MSI approach provides the best overall performance and overcomes the limitations of the previous techniques proposed in the literature, such as the robustness to the long propagation delays that in satellite environments play an important role. Furthermore, we demonstrated that our subgrouping approach provides good results for both satellite and terrestrial environments. This gives us confidence that this approach could be efficiently exploited in integrated satellite-terrestrial systems where the satellite will play an important role in the emerging 5G networks for offloading the terrestrial traffic and for providing multimedia contents. Moreover, in a future 5G scenario, some smart devices could be used as the gap filler in Digital Video Broadcasting systems. In particular, such smart devices in a cell could simultaneously transmit the same signal received from the S-LTE to their D2D-connected devices for forwarding the S-LTE services to their shadowed users. The D2D-receivers could consider these replications as multipath components of the same signal.
